Awareness under anesthesia is a rare but extremely unpleasant phenomenon. There are very few studies in the developing world and none from rural areas where incidence of intraoperative awareness may be higher due to increased patient load, limited patient knowledge and lack of trained hospital staff, reliance on older, cheaper but less effective drugs, and lack of proper equipment both for providing anesthesia, as well as monitoring the patient. Aims: To assess the incidence of intraoperative awareness during general anesthesia among patients in rural India and any factors associated with the same. Settings and Design: Prospective, nonrandomized, observational study. Subjects and Methods: Patients undergoing elective surgical procedures in various specialties under general anesthesia from over a period of 1 year were considered for this study. Approximately, after 1 h of arrival in postanaesthesia care unit, anesthesiologist (not involved in administering anesthesia) assessed intraoperative awareness using a modified form of Brice questionnaire. Statistical Analysis Used: Data were collected on a Microsoft Excel ® sheet and analyzed using Statistical Package for the Social Sciences ® version 23 (SPSS Inc., Chicago, IL, USA) for windows. Results: A total of 896 patients completed the questionnaire. Postoperatively, in response to the questionnaire, seven patients reported to have remembered something under anesthesia. Out of these, three patients described events that were confirmed by operation theater staff to have occurred whereas they were under anesthesia. Conclusions: Incidence of definite awareness under anesthesia with postoperative recall was found to be 0.33% (three patients out of total 896) in our study. 
IntroductIon
Awareness during anesthesia has been defined as recall of intraoperative events by a patient operated under general anesthesia. It is a rare but extremely unpleasant phenomenon. From patient's point of view, intraoperative awareness under anesthesia is one of the most troublesome anesthesia-related complications, second only to postoperative nausea and vomiting. [1] Apart from intraoperative distress, it may result in the development of late postsurgical psychological disorders such as posttraumatic stress disorder. [2, 3] Moreover, awareness during intraoperative period has also become an important reason for anesthesia-related compensation claims. Intraoperative awareness is, therefore, described as the second most important complication anesthesiologists (after death) [4] as well. Various modalities have been tried to assess awareness in anesthetized patients. These include monitoring blood pressure, heart rate, end-tidal anesthetic concentration, and bispectral index (BIS). However, none of these modalities have been found to be 100% effective in detecting awareness under anesthesia.
Incidence of awareness in developed countries is found to be 0.1%-0.2%. [5, 6] Although there are very few studies in the developing world, the incidence of intraoperative awareness is thought to be somewhat higher as compared to Western world. [7] This may in part be due to increased patient load, limited patient knowledge and lack of trained hospital staff, reliance on older, cheaper but less effective drugs, and lack of proper equipment both for providing anesthesia, as well as monitoring the patient. Problem can be even more complex and multifold in rural areas. However, even after a thorough review of literature, we could not find any study specifically estimating the problem of awareness under anesthesia in rural areas. Therefore, we conducted this prospective, nonrandomized, observational study to assess the incidence of intraoperative awareness during general anesthesia among patients in rural India and any factors associated with or influencing the same.
subjects and methods
This prospective, single-center, nonrandomized, observational study was performed in a tertiary care hospital in rural India. Patients undergoing elective surgical procedures in various specialties (including general surgery, orthopedics, ear, nose and throat surgery, urosurgery, and plastic surgery) under general anesthesia from October 1, 2014, to September 30, 2015, i.e., over a period of 1 year were considered for this study. Inclusion criteria included patients aged 18 years or more, American Society of Anesthesiologist (ASA) Physical Status III or less, with normal neurological status. Patients who were aged <18 years, not extubated after surgery, and/or transferred to an Intensive Care Unit, or not mentally sound were excluded from this study. Written informed consent was obtained from all patients in their own language before including them in this study.
The technique and drugs used for anesthesia varied according to patient's preoperative condition, surgical procedure planned, and choice of anesthesiologist; however, all patients considered for this study underwent general anesthesia with endotracheal intubation and positive pressure ventilation. Induction agent used was either thiopentone sodium or propofol given intravenously followed by muscle relaxant which was either vecuronium or atracurium. After intubation maintenance of anesthesia was done using 50% oxygen, 50% nitrous oxide, and volatile anesthetic (isoflurane or sevoflurane). During the procedure and throughout the postoperative period, vital signs (including heart rate, oxygen saturation, electrocardiography, and noninvasive blood pressure) of the patients were monitored. Concentration of volatile anesthetic was adjusted according to patient's vital signs, as well as clinical parameters such as pupillary response, sweating, and tearing. Instrumental monitoring of cerebral electrical activity and volatile anesthetic concentration was not carried out, as the same was not available in our institute. None of the patients included in this study underwent surgical procedure under mask ventilation or laryngeal mask airway insertion. Furthermore, total intravenous anesthesia was not used in any patient. A consultant anesthesiologist (with sufficient experience of general anesthesia) who was unaware about the patients being included in this study anesthetized all patients. Noise levels in operation theater were kept to a minimum, with only minor chat surgeons, anesthesiologist, and operation theater staff. After the completion of surgical procedure, anesthesia was reversed, extubated, and shifted to postanesthesia care unit (PACU) after adequate return of consciousness.
Approximately after 1 h of arrival in PACU, anesthesiologist (not involved in administering anesthesia) assessed intraoperative awareness. Anesthesiologist visited the patient and asked questions in his/her own language. First general information such as age, sex, ASA status, anesthesia technique used, history of chronic drug intake or substance abuse, and any previous history of awareness was obtained. The second part of the questionnaire was a modified form of Brice questionnaire, [8] used by similar studies designed to assess intraoperative awareness, [5] [6] [7] 9] in the past.
• What is the last thing you remember before going to sleep?
• What is the first thing you remember after waking up?
• Do you remember anything between going to sleep and waking up? • Did you dream during your procedure?
• What was the worst thing about your operation?
After the questionnaire was completed, it was analyzed, and patients were categorized into either having definite awareness, possible awareness, and no awareness. If the event recalled was confirmed by attending personnel present in operation theater, or investigators were convinced that memory was real, patients were categorized under definite awareness. If the patient was unable to recall any event definitely indicative of awareness, but memories could have been related to intraoperative events, he/she was categorized as possible awareness. No awareness was defined as a patient with no reported awareness or if the recalled events had a high probability of occurring in immediate pre-or post-operative period. This classification is similar to one used in various other studies assessing intraoperative awareness. [5, [9] [10] [11] Patients having intraoperative dreaming were categorized separately. [5, 11, 12] Patients having awareness or possible awareness were offered to follow up in anesthesia outpatient department.
Statistical analysis
Data were collected on a Microsoft Excel ® sheet and analyzed using Statistical Package for the Social Sciences ® version 23 (SPSS Inc., Chicago, IL, USA) for windows. Data were expressed as ratio and proportion. Correlational studies were performed by Fisher's extract test. P < 0.05 was considered statistically significant.
results
From October 1, 2014, to September 30, 2015, a total of 1068 adult patients underwent elective surgical procedures under general anesthesia. Out of these, 37 patients were ASA Grade IV, so were excluded from the study, 121 patients refused to take part in the study. Of the remaining, 12 had to be shifted to Intensive Care Unit intubated and 2 were disoriented so were thus excluded from the study. There was no disruption of anesthesia or circuit failure in any case. Hence, a total of 896 patients completed the questionnaire.
Of these 896 patients, 25.89% [ Figure 1 ].
Postoperatively, in response to the questionnaire, seven patients reported to have remembered something under anesthesia, i.e., yes to question number 3. Out of these, three patients [ Table 2 ] described events that could be classified as awareness under anesthesia. One patient heard operating surgeon talking to his assistant, and the conversation described, was later confirmed by the surgeon to be almost accurate. Two other patients felt something in their throat while under anesthesia along with the inability to move any of their limbs. One of them also described hearing sound of various alarms in operation theater. Remaining four patients [ Table 3 ] described vague events or sounds not likely to have occurred inside the operating room or may have happened in immediate postoperative period. Two of these patients experienced abdominal pain under anesthesia, one heard the sound of pulse-oximeter, and other one felt blood pressure cuff inflating on his arm while under anesthesia. Hence, in a total three patients, out of total 896 patients operated under general anesthesia were found to have awareness in our study, and incidence was calculated to be 0.33% in our study.
Apart from above findings, 187 (20.87%) patients reported various dreams under anesthesia. None of the patients having definite awareness reported intraoperative dreaming under anesthesia; however, two patients with possible awareness reported intraoperative dreaming. Hence, the incidence of awareness (definite and possible) in patients with intraoperative dreaming was found to be 1.069% in our study which was slightly higher than in patients reporting no intraoperative dreams, i.e., 0.705%. However, on applying Fisher's extract test, P value comes out to be 0.6405. Hence, no significant association was noted among patients having intraoperative awareness and dreaming under anesthesia.
Distribution of patients with awareness, dreams, and no awareness into various demographic categories is given in Table 4 . To analyze the effect of various variables such as age, sex, education, socioeconomic status, ASA grade, and type of surgery on incidence of awareness under anesthesia, we pooled patients with definite and possible awareness together 
dIscussIon
Incidence of awareness under anesthesia with postoperative recall was found to be 0.33% in our study. However, if patients with possible awareness were also included, incidence of awareness under anesthesia would become 0.78%. This occurrence is higher than reported by most studies conducted in the Western world which estimated the incidence to be between 0.1% and 0.2%. [5, 6] However, in a study by Errando et al. [13] done on over 4000 patients, incidence of awareness with recall was found to be 1.0% among all patients operated under anesthesia and 0.8% after removing high-risk cases.
Although most of such studies have been conducted in the Western world, one study from China [7] conducted by Xu et al., involving 11,101 patients had calculated the incidence of intraoperative awareness to be 0.41%, which was higher than that reported in the Western world. Incidence of intraoperative dreaming in the same study was found to be 3.19%. Another study done in Japan [14] reported an incidence as low as 0.028% including patients reporting possible awareness, with most of the cases reportedly conducted under total intravenous anesthesia (21 out of 24). One study conducted recently in a tertiary care hospital in India estimated incidence of awareness to be <1 in 300 (0.33%). [15] Hence, there is a variable but definite incidence of awareness in almost every hospital across the world. Such variation could be due to differences in anesthesia techniques and drugs used for proving anesthesia.
Another major initiative in this direction has been undertaken by Royal College of Anaesthetists and the Association of Anaesthetists of Great Britain and Ireland whose 5
th National Audit Project reported accidental awareness during general anesthesia in the United Kingdom (UK). [16] According to it, incidence of awareness under anesthesia was estimated to be 1:15,414 in the UK, which was lower than reported in previous studies. Furthermore, almost half the cases of awareness in the UK were reported to have occurred after induction and before start of surgery. However, respondents in that project were anesthesiologists and not patients and cases that were brought to their knowledge only, were reported. Another study done in the UK [17] in 2004 had shown that anesthesiologist tends to underestimate awareness under anesthesia in their practice.
There could be multiple factors [18] responsible for awareness with recall under anesthesia and understanding them would be vital for planning preventive measures. One of the factors could be interindividual variability in anesthetic drug requirement. This could be due to genetic variations in expression and function of target receptors. Cheng et al. [19] in a study involving mice have found that genetic deficiency of alpha gamma-aminobutyric acid (5 GABA) leads to resistance to amnesic effects of anesthetic drug etomidate. Another study by Liang et al. [20] has shown that pharmacology of synaptic as well as extrasynaptic GABA A receptors in response to agonists and allosteric modulators is altered after long-term alcohol exposure. Thus, in addition to genetics, long-term exposure to certain substance or drugs may also play a role in altered response to anesthetics. Apart from variation in target receptors, patients presenting with compromised cardiac function or severe hypovolemia [18] may not be able to tolerate full anesthetic dose. In addition, alterations in heart rate and blood pressure in response to inadequate depth of anesthesia may be masked in patients using beta-blockers. Finally, abnormal function or poor maintenance of anesthesia equipment or lack of familiarity with new anesthesia equipment or technique may also lead to delivery of incorrect doses of anesthetic. [18] Awareness under anesthesia, however, could be avoided if adequate depth of anesthesia is maintained during surgery. Monitoring by an experienced anesthesiologist using hemodynamic variables (such as heart rate, blood pressure), lacrimation, etc., has been done traditionally to maintain adequate depth of anesthesia. Although effective, awareness can still occur without any variation in vital parameters. Other techniques include estimation of volatile anesthetic gas concentration and minimum alveolar concentration in patients under anesthesia. Similarly, BIS monitoring has been used to maintain adequate depth of anesthesia. It measures specific electrical activity of brain with electrodes placed on patient's forehead and generates a numerical value which ranges from 0 to 100. A BIS value of 40-60 has been associated with low probability if awareness under anesthesia.
Studies have shown that a BIS value of >60 is usually associated with recovery from general anesthesia without recall. [21, 22] A study by Myles et al. [10] had shown that use of BIS in high-risk patients reduces the incidence of awareness. Similarly, Ekman et al. had also found that the use of BIS-guided anesthesia reduces the incidence of awareness. [23] However, study done by Sebel et al. [5] did not find any statistically significant difference in terms of incidence of intraoperative awareness with recall in patients anesthetized under BIS guidance when compared to ones without it. Furthermore, an article titled "Practice Advisory for Intraoperative Awareness and Brain Function Monitoring" by ASA Task Force recommended that brain function monitoring is not routinely indicated in all patients undergoing surgery under general anesthesia. [24] It also endorsed a checklist protocol for anesthesia equipment to prevent awareness related to equipment malfunction resulting from inadequate delivery of anesthetic drugs. Other recommendations included the use of benzodiazepines and scopolamine in patients requiring lesser doses of anesthetic. However, it cautioned that use of benzodiazepine might lead to delayed emergence. [24] In the light of above knowledge, a relatively higher incidence of awareness reported in our study could be due to various factors. First, the hospital where this study was done is located in an area with a relatively higher incidence of tobacco (mostly smoking) and alcohol abuse. Second, due to increased patient load, the time interval from diagnosis to surgery was up to 6 months in certain cases; patients awaiting surgery were usually kept on nonsteroidal anti-inflammatory drugs for that period. Finally, no BIS monitoring or anesthetic gas concentration monitoring was available in our institute. Apart from this, other minor factors such as lack of routine checking protocol and/or periodic maintenance of anesthesia equipment due to rural location may also have played a role.
In spite of all precautions, our study had certain limitation. First, the patients were interviewed only once, i.e., after approximately 1 h after arrival in PACU. That may have resulted in missing of certain patients who might have experienced awareness under anesthesia. Second, none of the patients received in sedative or anxiolytic premedication. This might have resulted in reduced incidence of awareness. Hence, further studies with higher number of patients might be required to estimate the incidence of awareness under anesthesia in rural areas with further accuracy.
conclusIons
Finally, we conclude that the incidence of definite awareness under anesthesia with recall, in rural tertiary care hospital in India, was estimated to be 0.33%. We also concluded that intraoperative dreaming does not have any statistically significant association with awareness under anesthesia.
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